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INTRODUCTION which is a complete blood count, i.e. a CBC
(for total white blood cells), and a third proce-
The CD4+ T cell count remains the most often dure which is the differential blood count (for
ordered immunological procedure, and it is still percentage of total lymphocytes). The product
our most valuable immunological marker in the of the WBC (white blood cells/ymm3), the dif-
evaluation of patients infected with HIV 1. A ferential (% lymphocytes), and percentage of
CD4+ count is an involved process, and thereCD4+ T lymphocytes is the absolute CD4+ T
have been many milestones in the developmentell count/mm3. These procedures in toto rep-
of accurate and precise CD4+ counting sinceresent the “predicate method” for obtaining
we began enumerating CD4+ T cells clinically absolute CD4+ T cell counts, and is the most
in the late 70’s to early 80's. These milestonescommon process used in 1998. The require-
have included direct conjugation of monoclonal ment for hematology procedures represents
antibodies, the ability to analyze three and fourboth a practical problem as well as a source of
colors simultaneously, and the ability to mea- bias and imprecision in the CD4+ count. In
sure CD4+ counts directly in whole blood. The this manuscript we will discuss 3 technologies
flow cytometer allows for an accurate measure-which generate an absolute CD4+ count from a
ment of the percent lymphocytes expressingsingle platform.
specific T cell antigens. Until recently, we
were unable to obtain absolute T cell countsEach of these studies was designed by the New
directly from the flow cytometer. We were Technologies Evaluation Group (NTEG) which
dependent upon hematology in that we requiredis @ subcommittee of the Flow Advisory Com-
a CBC and WBC differential to obtain absolute mittee (FAC), a committee under the umbrella
lymphocyte counts. Currently, we are entering Of the NIAID. The FAC is charged with ensur-
a new era where we can finally get absoluteing that flow cytometry procedures are done
counts off of a single platform. This presenta- accurately and precisely, and the NTEG is spe-
tion addresses three separate evaluations of sir¢ifically responsible for evaluating new flow
gle platform technologies for the measurementcytometry based technologies which are market
of absolute CD4+ counts. Throughout the ready and of potential usefulness in a clinical
manuscript | will allude to “the predicate trial setting.
method,” which is actually three separate pro- ) . .
cedures. The first is flow cytometry which gen- Theé NTEG is chaired by myself and is com-
erates the percent T helper cells by measuringoosed of_statlstluans, clinical scientists, and
the percentage of lymphocytes expressing thdechnologists from across the US and Canada.*
CD3 and CD4 antigens using fluorochrome We have_z now completec_l orarein the process of
conjugated monoclonal antibodies. To get thecOmpleting the three different single platform
absolute number of T cells per cubic milliliter CD4+ count technology evaluations, and herein
of whole blood, a second procedure is requiredSUmmarize our results to date. All of the stud-
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ies were performed in flow cytometry laboratdiold 10 at a time). These loading chambers con-
ries enrolled in the NIAID flow cytometrytain dried fluorochrome conjugated monoclonal
guality assessment program, who were all @D3 and CD4 antibodies which are resuspended
good standing during the studies. The predicdtdlowing the addition of the blood sample.
method was subject to stringent quality control

(QC) criteria, and any sample which failed thEhe cartridges sit on a rotating stage. Once all of

QC requirements was eliminated from the dalfae patient samples have been added, the door is
base. closed and the stage shakes for about two min-

utes to get the antibody dissolved. The stage
The first study was performed on a completetlien does a fast spin, loading the samples into an
automated instrument, the Imagn® 200@cubation/mixing chamber for a twenty minute
(Imagn) that is not a flow cytometer. There is rincubation where the labeling of the lympho-
flow involved except the flow of the sample intoytes occurs. Each cartridge is then rotated to be
chambers. The actual enumeration of individuabsitioned under a small piston which comes
cells is done on a static slide. The technologydewn on the cartridge and crushes a glass
volumetric capillary cytometry, and is discusseaimpule diluting the stained blood sample. The
in more detail below. The second study was ahamber contains stainless steel mixing balls
evaluation of the Becton Dickinson Truevhich are controlled with a magnet and used to
Count® system and was chaired by Dr. Bicknix the sample. After each cartridge has passed
The third study was chaired by Dr. Keith Reimahrough the incubation/mixing stations the stage
and was an evaluation of both the Flow Count&ins rapidly and forces the samples into finely
and TetraOne® systems produced by Beckmealibrated capillary tubes. All this works by
Coulter. The latter two studies are both flosentripetal force, forcing the blood along at each
cytometry based and involve a ratiometric beadccessive stage. Within the capillary tubes, an
counting system for the absolute count measuexact volume of blood is scanned 10,000 times
ment directly from the flow cytometer. For eachby a small red laser and the coincident fluores-
study described, there were five test sites pmmce emission peaks are counted. Coincident
study, and each individual site evaluated samplsission peaks occur where CD4+ T cells are
which were shipped from a central site as well kxcated due to their labeling with both CD3 and
samples which had been procured locally. CD4 fluorochrome conjugated antibodies. The

number of coincident peaks counted in a very
SINGLE PLATFORM TECHNOLOGIES precise volume is then multiplied by the dilution

factor to generate the number of CD4+ T cells
Figure la is a representation of the Biometnger &L of whole blood.
Imagn® 2000 and the 4T8® cartridge. This is a
fully automated device; the operator pipettdde other two technologies are flow cytometry-
blood into cartridges, programs in the patient Ibased technologies and utilize what is referred to
and starts the instrument. The machine coas a ratio-metric method of absolute counting.
pletes the rest of the test. The cartridges argure 2 illustrates the ratio-metric method of
designed to measure both CD4+ and CD8+absolute counting with the Becton Dickinson
cells, however only data on absolute CD4 counfgie Count® system. In the first scattergram on
is presented. The device goes through the ftile left, the X axis is CD45-PerCP (commonly
lowing procedures to generate absolute coun®ferred to as a “lymphocyte gating reagent’as
As seen in Figures 1a and 1b, samples are adiy@aphocytes express characteristically high lev-
into the loading chambers of individual, disposls of CD45), and on the Y axis is right angle
able, self-contained cartridges, (the machine dight scatter. This combination of parameters
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allows for the identification of individual sub-or right angle light scatter is a relative correlate
populations or a three part differential of lymef the granularity of the cells, and when you look
phocytes, monocytes and granulocytes. As flat these parameters simultaneously the lympho-
cytometrists we are used to gating, so we drawytes form a discrete cell cluster. An electronic
an electronic gate around the lymphocyte subralysis gate is drawn around the lymphocytes
population and then look at other parameters (st dot plot) and, you then measure the number
those cells. In the second dot plot we are loosf lymphocytes which are expressing both the
ing at CD3-FITC (fluorescence-1) versus CDL£D3 and CD4 antigens within this gate in the
PE (fluorescence-2) and you note the numbersaicond dot plot. In an ungated histogram (third
events which are both CD3+ and CD4+ (dot plot) of this sample you obtain the total num-
helper cells). In a third dot plot which is ungatelker of fluorospheres® counted. Since the con-
and displaying fluorescence-1 versus fluoresentration of the fluorospheres is known, the
cence-2, you gate on the bead population amolsolute count in the sample is equal to the ratio
note the number of beads counted in the samm& CD4+ cells counted to the number of fluoro-
There are a known number of beads in the tufigheres counted, multiplied by the known con-
(provided by the manufacturer), and you haweentration of fluorospheres. The TetraOne®
added a known volume of blood. In this exansystem is very similar to the BD method
ple, there are 51,700 beads and you have addedcribed above for lymphocyte gating except
50 &L of blood, therefore you know the beathat the sample contains 4 monoclonial antibod-
concentration per &L of whole blood. After runies each conjugated with a different fluoro-
ning the sample you know exactly how manghrome allowing you to gate lymphocytes with
beads were run and how many CD4+ T cel@45, and measure absolute CD4+ and CD8+ T
were run. The absolute CD4+ T cell count ells in the same tube.

therefore the ratio of the number of CD4+ T

cells counted to the number of beads count&tROTOCOL

times the number of beads per &L. This tech-

nology is practical, as you don’t have to buy ardasically, we wanted to know how the results of
new equipment. You're adding known numbetbe single platform technologies compared to
of beads to a tube to allow you to get absoluer predicate method. What can you assess?
counting on a single platform instrument, i.&/ou can measure accuracy, precision and “tem-
your flow cytometer. This eliminates thgporal fortitude,” which is a measure of how well
requirement for hematological analysis. these assays stand up with time.

The Beckman/Coulter single platform absolutéccuracy” as defined in the Webster's New
count systems work essentially the same weyllegiate Dictionary is, “the closeness of the
with minor deviations. First, the beads in @xpected value to the true value of the measured
known concentration are added to the tubeglantity. It can be a measure of bias and it is
For the second step, Beckman Coulter offers twometimes called validity.” What we have done
different systems that have been FDA approviglin fact to validate these methods. There is a
for absolute CD4+ counting. We have evaluatgdoblem with this definition of accuracy however
both of them. Figure 3 represents a summaryhsfcause | do not believe (and most people would
the Beckman Coulter Flow count® system as v@gree) that the predicate method is giving us the
evaluated it. This version is based on lymphdrue value” for CD4+ counts. So, within the
cyte gating using only light scatter paramete®TEG we have had heated debates on whether
Forward angle light scatter is a relative correlatg not we should call our assessments of these
of the size of white blood cells and side scattéechnologies “accuracy” because we are compar-
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ing the new methods to the predicate method anthat were our endpoints? We measured accu-
the latter is not necessarily giving the true valuecy in CD4+ counting on samples procured
So, what do we do? Our solution is to measuoeally and on shipped samples. Shipping adds
how close we are with our new method to treeveral variables including temperature changes,
predicate method and use the term “agreemeptiysical abuse to the specimens and time. In our
instead of accuracy when challenged. experience it takes 24-36 hours to get a shipped
specimen into the laboratory. We also measured
Very simply, precision is the extent to which @D4+ and CD8+ counts by both methods on
measurement gives you the same results whggal samples when they were fresh, and again
repeated under identical conditions, and this dster the samples had been held for 24 hours.
often referred to as reliability or variability. YouComparison of the results between fresh vs. held
can measure precision within a laboratory, Epecimens allows for an assessment of the effect
other words, how often can you get the sarge aging on CD4+ enumeration within each of
result on the same sample with the same methRd technologies, i.e. “temporal fortitude”.
in your own laboratory? You can also measure
between laboratory variability. If you areRESULTS
involved with clinical trials, you may be inter-
ested in variability between laboratorieAlthough several endpoints were assessed, | will
Between laboratory variability includes addipresent only a summary of the most significant
tional variables not present in your own labbservations in our evaluations. The Biometric
including different flow cytometers, differenimagn® evaluation is completed and has been
reagents, different operators and different hemgublished (O’Gorman et. al. CDLI, 4:173-179).
tology analyzers. As we know from previou$he Becton Dickinson study is completed and
experience, the hematology instruments afge manuscript is in preparation. The Beckman/
based on different technologies and they c@vulter evaluation is not yet complete; the data
give different answers, not so much with thig being tabulated and only preliminary observa-
white blood cell count, but definitely with theions are presented here.
respect to the WBC differential.
Accuracy assessment is presented as the median,
In each of the studies, we measured accuracytieg tenth, and the ninetieth percentiles of the dif-
agreement as the difference in the CD4+ coufidggences between the new technology and the
obtained on the same sample by the two differgntdicate method. Table 1 is a summary of the
methods. For each study this was done differences between the Imagn® results and the
shipped samples as well as samples which haddicate method (PM) results (CD4+ by PM
been procured locally. Each specimen had thénus CD4 by Imagn®) for all samples (n=570)
CD4+ count enumerated by the predicafgocured locally in each of the laboratories.
method and by the new technology. To meas@eerall, the PM generated higher CD4+ values
accuracy, we subtracted the CD4+ coutHan the Imagn®, with the median of the differ-
obtained by one technology from the CD4énces being 14 more CD4+ cells per &L, and
count obtained by the other technology. If bo#anging from 13 CD4+ cells (10th percentile)
technologies generated the same results, the ieds than the Imagn® to 88 CD4+ cells (80th
hypothesis would state that the median diffgsercentile) greater than the Imagn®. This
ence between the 2 results is not going to be Sigerease over the Imagn® was significant for the
nificantly different than zero. CD4+ counts in each of the three CD4+ groups,
i.e., <200, 200-500 and >500. In addition, we
observed that as the CD4+ count values

100



1998 ONFERENCEON THE LABORATORYSCIENCEOF HIV

increased, the difference between the predic#tte results are evenly spread out around the zero
method and the new technology also increaseifference line. This is what you want you want
This is referred to as a systematic bias. Tablea?2see when you are going to implement a new
is a summary of accuracy in each of the 5 labotachnology.

tories, and similar to what was observed overall,

each individual laboratory’s predicate method@hen you look at the individual laboratories you
generated higher CD4+ results than the resudigt @ much different picture. In  subtracting the
generated by the Imagn®. There were difféeD4 by the PM from the CD4 by theTrue-
ences in each of the laboratories in the magkiount® method, the medians of the differences
tude of the differences between results. This wagre greater than zero in three of five laborato-
determined predominately by the type of hemges indicating that the TrueCount® CD4+ val-
tology instrument that was used to generate thes were higher than the PM CD4+ counts in 3
absolute total lymphocyte count. This concl@f the 5 laboratories. The differences between
sion was reached because when the CD4+ gég laboratories was in large part determined by
centages alone (without the absolute count§g type of hematology instrumentation being

were compared between the laboratories théiged to generate the absolute lymphocyte count.
were no significant differences. Figure 5 is an example of a bias plot where the

CD4+ counts generated by the BD-TC were
Table 3 is a summary of the accuracy of the Begreater than the CD4+ counts generated by the
ton-Dickinson True Count® (BD-TC) systemPM. When one subtracts the CD4+ by PM from
As alluded to above, this is a flow cytometrthe CD4+ by BD-TC, most of the values are
based ratio-metric method. Overall, the medigositive, and again, there is a systematic bias,
of the differences between the two methods @g., as the CD4+ count increases, the difference
411 shipped samples (BD-TC CD4 minus Pldetween the results increases. Figure 6 is an
CD4) was only seven CD4+ cells per &L with @xample of just the opposite result in a labora-
range of 67 cells less (10th percentile) than ttery where the CD4+ counts generated by the
PM to 79 cells (80th percentile) greater than tf®M were higher than the CD4+ counts generated
predicate method. The difference is statisticalby BD-TC. Therefore when subtracting the PM
significant, but it is fairly well balanced. In Zrom the BD-TC, a negative result is obtained
groups, < 200 CD4+ cells and >500 CD4+ celland is graphically represented with most of the
there was no significant difference between thessults below the zero difference line. Again,
two methods. In the 200-500 CD4+ group, thbere is a systematic bias.
difference is significant but again, it is balanced.
However, when examining the difference§able 5is a summary of the accuracy assessment

between the methods in each individual lab, the the Beckman/Coulter study, presenting the
results are quite different. medians of the differences between the PM and

the TetraOne® system (CD4 TetraOne minus
Before going to the individual laboratories, FigeD4 PM). This study is not complete and the
ure 4 (not available) is an example of a bias platble represents only a preliminary assessment.
illustrating all of the results from all of the laboin four of the five labs, the predicate method
ratories for all of the shipped samples. Tlgenerated higher CD4+ counts than the Tetra-
CD4+ count obtained by the predicate method@e® method. Again, there seems to be differ-
plotted on the x-axis, and the difference betweent biases in different laboratories, but overall,
the 2 methods (CD4 by BD-TC minus CD4 bthe TetraOne® system generated CD4+ values
PM) for each individual CD4+ result is plottedvhich were lower than the CD4+ values gener-
on the y-axis. At a glance it appears that mostaied by the predicate method.
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For the evaluation of intralaboratory variabilitypgy instrumentation which increases the vari-
each laboratory performed CD4+ counts on regbility in CD4+ counts between laboratories.
licate samples by both the predicate method ahlde larger font size represents the interlabora-
the new technology. Every laboratory obtaingdry %CV obtained using the single platform
the statistically appropriate pre-determined nurtechnologies. Overall in the Biometric® study
ber of local donors and split each donor sample went from a CV of 15% with the predicate
into eight replicates, each treated as individualethod down to 9%, in the BD study, we went
specimens. We then calculated the mean &noim 16% down to 9%; we went from 19% down
standard deviation of the CD4+ replicates foo 9.5% in the Beckman/Coulter study. The sin-
each patient by each method. From these resgles platform systems have reduced the between
we were able to calculate a percent CV by bdtiboratory variability significantly. Of note is
methods on each patient in each laboratotige variability observed with the Imagn® in the
Every single sample has a percent CV for eagloup of <200 CD4+ T cells. This device actu-
of the methods. ally counts the number of cells in approximately
one &L of blood. If the patient has a CD4+
For the inter-laboratory variability assessmenipunt <50, the error contributed simply by the
each of the laboratories in each study received@unting error is significant. This is evident in
aliquot of the same samples which were shippgf group of < 200 CD4+ counts where there
from a central location (FAST Systems Inc), i.ewas no improvement in the between laboratory
five laboratories analyzed the same shippggkbcision in the Biometric® study. This was an
specimen by the new single platform technologysue three years ago when an increasing number
and by the predicate method. For each specimgfpatients were being seen in the clinics with
the mean CD4+ count, the standard deviatiaDD4+ counts below 100, and we were assuming
and the percent CV for the predicate method agé counts would keep decreasing in the popula-
for the new technology were calculated. In ordgen as a whole necessitating improved precision
to assess the variability of the new tEChnO|OgiQﬁ' low CD4+ counts. However the CD4+
relative to the PM, subtract one from the othejgunts are not going down, they are coming back
If the variability (%CV) is the same for each ofip due to the remarkable improvements in anti-
the methods then the difference would be zefgtroviral therapy. In summary we observed a
and that is our null hypothesis for the precisigdignificant improvement in the between labora-
analyses both within and between laboratoriestory variability with the single platform technol-
Table 6 summarizes the inter- or between Iaboroegles'
tory variability results obtained with both thevhat do you buy by bringing these methods into
predicate method and the single platform tecfiour laboratory in terms of within laboratory
nologies for each of the studies. The smallggriability? The answer is not very much. The
font size represents the median interlaboratagythin laboratory variability of absolute count-
%CV for the PM CD4+ counts in each of thihg today is very good. Table 7 is a summary of
three studies. The coefficient of variation for th@e within laboratory variability of the three
PM ranges from 15-20% overall (all CD4+ catestudies overall and in each of the three CD4+
gories), and from 19- 30%, 13-18% and 11-22fpoups. The smaller fonts represent the results
in the < 200, 200-500 and >500 CD4 categoriesstained by the predicate method in each of the
respectively. These are relatively high interlabgtudies. The within laboratory variability of the
ratory variability values (%CVs). When perpredicate method overall is in most cases <10%.
formed by flow cytometry alone the CVs arge saw a small but statistically significant
around 5%. In all likelihood, it is the hemat0|i-mprovement in some of the cases but, overall,
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within laboratory variability of the predicatecols, and summarizes the intralaboratory vari-
method is only slightly improved as compareability. The only difference in these two
with the new technologies. methods is that with the FlowCount® protocol
lymphocytes are gated on light scatter, and in
The last aspect of the evaluation was “tempotale TetraOne® protocol lymphocytes are gated
fortitude”, or how precise and accurate the neya fluorescence intensity of CD45. The intral-
technology is on aged samples. We measutgsbratory %CVs for light scatter vs. CD45 gat-
the CD4+ count on the sample when it was fl‘E[:ﬂg is 12% versus 9%, 11% versus 9%, and
(within six hours) and again at 24 hours usings% versus 10% for the <200, 200-500, and
the same methodologies. We subtracted t%h800 CD4+ categories, respectively. There was
CD4+ count obtained on the fresh specimenstatistically significant improvement in preci-
from the CD4 count obtained on the 24 hour ollon by using CD45 gating as opposed to light
specimen. No change in the counts would yieddatter gating.
a difference of zero. Table 8 is a summary of the
median differences (CD4+ @ 24 hours minGUMMARY
CD4+ fresh). When the samples were analyzed
by the predicate method, there were mohe summary, evaluation of the accuracy of the
CD4+ cells at 24 hours than there were atn@w technologies for all of the laboratories col-
hours. Unless the lymphocytes are dividing lactively appears to be excellent, however this
the tube, this is probably not correct and is mast not the way to evaluate these technologies.
likely due to the inclusion of non-lymphocytegxamining individual laboratories is required
in the lymphocyte gate during the automateghd in doing so we saw bias. Each laboratory
differential on aged specimens. When meashas a bias which is due predominantly to the
ing CD4+ counts in the aged samples by tiige of hematology instrumentation used. Ten
single platform technologies, we observed thg the 15 laboratories generated higher CD4+
counts were slightly but significantly lowewalues by the predicate method than the values
than the counts on the specimen when theptained by the single platform technology.
were fresh. In summary, the single platform
technologies showed a decrease in CDZ4Hhe between laboratory precision was signifi-
counts at 24 hours compared to 6 hougantly improved with all of the single platform
whereas the predicate method in two differetichnologies with the exception of the Biomet-
studies showed an increase in CD4+ countsrigt Imagn® when analyzing samples with
24 hours compared to CD4+ counts on fre§iD4+ counts <200 cells/&L. This result was
samples. Erroneous results on aged samplegxpected due to the counting error when count-
a recognized phenomenon in the hematolotg low frequency events. The within laboratory
laboratory. variability was only slightly improved, and
lymphocyte gating based on CD45 fluorescence
Although the study was not designed to investignificantly improves the precision of CD4+
gate the differences in precision due to diffetounts as compared to light scatter gating.
ences in lymphocyte gating techniques, we
observed improved precision in CD4+ coundd/ith respect to “temporal fortitude”, we
by gating on lymphocytes by CD45 expressigiserved some interesting things, and can infer
and light scatter compared to gating on lynsome others. We saw small but significant dif-
phocytes by light scatter alone. Figure 7 illuderences on aged samples as compared to fresh
trates the gating method used in the Coultgamples with the single platform technologies.
FlowCount® versus Coulter TetraOne® protdt is interesting that the CD4+ values obtained by
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the predicate method increase after 24 houl@yver CD4+ values at 24 hours compared to the
This is a clue that absolute lymphocyte countalues generated on fresh samples. This is
generated on aged specimens are probably expected. The predicate methods, on the other
accurate with most hematology instrumentsand, generated higher CD4+ counts at 24 hours
The CD4+ values obtained by the new sing®mpared to fresh counts. This is erroneous and
platform technologies decreased after 24 houpspbably due to the inclusion of non-lympho-
and this was somewhat expected. These wewes in the absolute lymphocyte count gener-
small but significant decreases. There is a potated by the hematology analyzers on aged
tial problem with this analysis because in owamples.
studies, any sample that didn’'t generate a value
at 24 hours was excluded. This happened méstknowledgments
often with the predicate method because the
sample failed our quality control criteria. We areThe members of the NTEG include Rebecca
therefore underestimating how many problengelman, Cindy Wilkening and John Spritzler,
there were on aged samples when analyzed dtgtisticians from the Harvard Medical School,
the predicate method. Dr. Nicholson from the CDC, Frank Mandy
from Health Canada, Stephen Douglas from
In summary, the single platform technologieSHOPs in Philadelphia, John Schmitz from Uni-
generate reproducible CD4+ results both withirersity of North Carolina, Eileen Bessent from
laboratories, but more impressively representtsCSD, Albert Donnenberg from the University
significant improvement in between laboratoryf Pittsburgh, Carol Bick from Indiana Univer-
variability as compared to the current predicagity, Keith Reiman from the Harvard Medical
methods. With respect to accuracy, the new s@ehool and Daniella Livnat and Jonathan Kagan
gle platform technologies generate biased restilie NIAID representatives. | want to acknowl-
which appear to depend on the type of hematelge these individuals because they have been
ogy analyzer utilized. With respect to “temporahvolved since the beginning and have been
fortitude”, the single platform technologiesnstrumental in the planning, and execution of
appear to generate slightly but significantihese evaluations.
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Figure 1a Figure 1b
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Table 1

Accuracy
* Biometric Imaon 2000 vs. Predicate
Method - All Labs

hfference (CD4 PM) - (CD4 Imagn 2000)

Crroup 10th ‘'media  90th
n |%ie| n “o'1le

All 5370 | -13 | 3

<200 | 280 | -12

200-500) 180 | -7

=300 | 110 | -29

specimens procured locally - analyzed within & hrs

106



1998 ONFERENCEON THE LABORATORYSCIENCEOF HIV

Table 2

Accuracy of the
* diometric Imagn 2000 vs. Predicate
Method - Each Labs

itterence (CD4 PM) - (CD4 Imagn 2000)

10th |median 90th  p
Lah n | %’ile %o ile
A 100 | -7
B 90 | -17
C 100 | -1
D 180 -19
E 100 | -18

¥ P=00001

Table 3

Accuracy - Agreement BDIS
* TrueCount vs. Predicate Method
\ll Laboratories
Diftference (CD4 TC) - (CD4 PM)

Grroup 10th media 90th
n |%ile| n @ %’ile

All 411 | -67 [ 79

<200 | 168 | -49 ] A0
156 | -77 17 101
87 | =102 12 144

ohipped Specimens Analyzed within 33 hrs
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Figure 5
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Table 4

Accuracy - Agreement Coulter
| etraUne vs. Predicate Method
Fach Laboratories (n= /1 Shipped samples)

Difference={CIDM4 TetraOne) - (CD4 PM)

Lab | 1th/median/th P
H ]

All Labs| -108/-19/42 <. (00
A -15 < (000]
-15 < (00

< 000

< (M)

= 00

Table 5

PRECISION
* BETWEEN LABORATORY VARIABILITY OF
'HE NEW TECHNOLOGIES

BIOMETRIC BDIS COULTER

GROUPS| STUDY #1 STUDY #2 | STUDY #3
Mean | median | Mean | madian | B
T WV | CD4 | %eV | D4

ALL 375 | 9 y 315 | 9.08wme 287

CDd 28 '

= N B 30 111.0%1 150 | 9.684%

Cud ; 15 17
2005000 42 B 6% 8004 | 309  10.8%

Cld 12 10 20

-500 5.5% | 714 | 9006 | 569 9.3%
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Table 6

PRECISION
* INTRA- LABORATORY VARIABILITY Of
THE NEW TECHOLOGY

BIOMETRIC | BDIS | COULTER

GROUPS| STUDY #1 | STUDY #2 | STUDY #3

Mean  median | Mean | moedian | Mean | median

CD4 | %CV | CD4 | eV | CD4 | %ey

ALL S S N

271 | 97% | 219 | 7.0% | 244 | 4.8%

CDd ' |
<200 82

CTd

Table 7

¥ TEMPORAL FORTITUDE
bl ol Ao
2dhr) = (1 i 6hry | Mean G Ci
Hl
M A M A
™A MNA

MNA ™A MA

34 -2 24 211

NOTE: All CD8 counts were higher at 24hrs
when measured by Predicate method vs. Ghrs
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Figure 7

PRECISION AND

GATING
LIGHT SCATTER GATING
Between Laboratory % CV
All CDA strata =12.5%

<200 CD4d = 11.7%0
200-500 CD4 = 15.2%

>500 CD4 = 12.1%
CD4S GATING
Between Laboratory %CV
All CD4 strata =9.5%
<200 CD4 = 9.3%

200-500 CD4=10.8
>500 CD4 = 8.6%
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